Four experiments examined transfer of learning between matching (or nonmatching)-to-sample discriminations and samedifferent discriminations. In Experiment 1, rats trained with matching (or nonmatching)-to-sample discriminations learned their subsequent nonshift tasks, consisting of the novel stimuli and novel configurations, faster than subsequent shifted ones. In Experiment 2, rats trained with same-different discriminations learned very quickly their subsequent same-different tasks consisting of the novel stimuli and novel configurations. Of all the rats, 88% responded correctly on the first trial in Phase 2 transfer. In Experiment 3, rats trained with the matching (or nonmatching)to-sample discriminations facilitated subsequent same-different discriminations, relative to rats given either a simultaneous discrimination or a pseudo-discrimination training with the matching (or nonmatching)-to-sample discriminations. In Experiment 4, rats trained with the same-different discriminations facilitated · subsequent matching (or nonmatching)-to-sample discriminations, relative to rats given either a position discrimination or a pseudo-discrimination training with the samedifferent task. These findings suggest that the same mechanism governs the formation of associations between stimuli in both matching (or nonmatching)-to-sample discriminations and samedifferent discriminations.
There are many studies on stimulus classes formation in pigeons and rats. They make it clear that both pigeons and rats have an ability to form stimulus classes between stimuli in either two concurrent discriminations (Delius, Ameling, Lea, & Staddon, 1995; Dube, Callahan, & Mcllvane, 1993; Nakagawa, 1978 Nakagawa, , 1986 Nakagawa, , 1992a Nakagawa, , 1998 Nakagawa, , 1999a Nakagawa, , 1999b Nakagawa, , 1999c or matching (or non-matching)-to-sample discriminations (Aggleton, 1985; Edwards, Jagielo, Zentall, & . Hogan, 1982; Lombardi, Fachinelli, & Delius, 1984; Mumby, Pinel, & Wood, 1990; Nakagawa, 19S2b, 1993a Nakagawa, 19S2b, , 1993b Nakagawa, 19S2b, , 1999d Nakagawa, 19S2b, , 2000 Rothblat & Hayes, 1987; Urcuioli, 1977; Urcuioli & Nevin, 1975; Urcuioli, Zentall, Jackson-Smith, & Steirn, 1989, Experiment 3; Vaughan, 1988; Zentall & Hogan, 1974 , 1976 Zentall, Sherburne, Steirn, Randall, Roper, & Urcuioli, 1992; Zentall, Steirn, Sherburne, & Urcuioli, 1991) , or same-different discriminations (Nakagawa, 1993a, Experiment 3; Santiago & Wright, 1984) . Two specific questions, however, remain. Is the mechanism of stimulus class formation between the discriminative stimuli used in two concurrent discriminations the same as that of stimulus class formation between sets of stimuli in matching (or nonmatching)-to-sample discrimination? And is the mechanism of stimulus class formation between sets of stimuli used in matching (or nonmatching)-to-sample discrimination the same as that of stimulus class formation between the discriminative stimuli in samedifferent discriminations? Nakagawa (1999d) suggests that the mechanism of stimulus class formation between the discriminative stimuli used in two concurrent discriminations is the same as that of stimulus class formation between sets of stimuli in matching (or nonmatching)-to-sample discrimination. In Experiment 1 by Nakagawa (1999d) rats were trained to criterion (Group NOT) or were overtrained (Group aT) on two concurrent discriminations. Subsequently, Group aT learned a matching (or nonmatching) task more rapidly than Group NOT. In Experiment 3 two groups of rats were trained with matching (or nonmatching)-to-sample discrimination tasks, and then given two concurrent discrimination tasks, and finally . either whole, in which both the two tasks were reversed, or half, in which only one of the two tasks was reversed (Groups Matching and Nonmatching). Another group (Group Control) was given a pseudo-discrimination training, and then the same training in Phases 2 and 3 as Groups Matching and Nonmatching. In Groups Matching and Nonmatching, rats learned the whole reversal more rapidly than the half reversal. But the opposite result was observed in Group Control. These findings indicate that the same mechanism governs the formation of associations between stimuli in both two concurrent discriminations and matching (or nonmatching)-to-sample discriminations. However, it was not clear from the past research that the mechanism of stimulus class formation between sets of stimuli used in matching (or non-matching)-to-sample discrimination was the same as that of stimulus class formation between the discriminative stimuli in same-different discriminations. Nakagawa (1993b) has proposed a theory of concept formation in matching (or nonmatching)-to-sample discriminations and same-different discriminations, which assumes that the same mechanism is responsible for the effects described above. According to Nakagawa, rats form a concept by common response (e.g., pressing a certain lever): Rats associate configuration of stimuli with lever-pressing responses. For example, in a case of matching-to-sample discrimination, rats learn to associate one configuration of stimuli (Le., AAB and BBA) with pressing the left lever followed by a reward and the other configuration (Le., BAA and ABB) with pressing the right lever followed by a reward, in which the two letters refer to the comparison stimuli and the center letter refers to a sample stimulus. In a case of nonmatching-to-sample discrimination, they learn to associate one configuration of stimuli (Le., ABB and BAA) with pressing the left lever and the other configuration (i .e., AAB and BBA) with pressing the right lever. Configurations of stimulus pairs, to which common responses are made, tend to become functionally equivalent in evoking further responses. Thus, one configuration of stimuli (i.e., AAB and BBA) tends to become functionally equivalent in evoking pressing the left lever and the other configuration in evoking pressing the right lever. The common response to configurations of stimuli medi~tes concepts of matching or nonmatching, or sameness or difference to subsequent shift problems. Associations underlying concept formation have to involve the same outcome.
Experimental support for this proposal can be found in experiments using a shift-nonshift paradigm involving matching-to-sample (MTS) and non-matching-to-sample (i.e., oddity-from-sample) (OFS) procedures. In an experiment by Nakagawa (1992b) rats were trained, for example, with a MTS task u$ing a restricted set of repeated stimuli. Group Shift then received an OFS problem with novel stimuli, and Group Nonshift received a new MTS problem. On the first trial of the test with novel stimuli, 75% of Group Nonshift responded correctly and only 37.5% of Group Shift responded correctly. These results can be explained if it is accepted that a matching concept was acquired during the original training and that this transferred to the test stimuli. According to Nakagawa, this effect depends upon the stimuli used during Phase 1 entering into associations with each other because they signal a similar response (see also Nakagawa, 1993a Nakagawa, , 1993b .
Further support for Nakagawa's proposal can be _ found in experiments using a same-different discrimination procedure, in which one stimulus having two geometrical figures was presented in each task. In Experiment 3 by Nakagawa (1993a) rats were trained with samedifferent discriminations. Rats trained on same-different discriminations significantly learned their subsequent problems with new same-different discriminations more rapidly than rats of Group Control, in which they were trained on a conditional successive discriminations. This result can be explained if associations develop between configurations of stimuli that signal similar outcomes and it is these configuration associations that mediate the transfer of appropriate responding to a subsequent problem. According to Nakagawa, this effect depends upon the stimuli used during Phase 1 entering into associations with each other because they signal a similar outcome (see also Nakagawa, 1994) .
The purpose of the four reported experiments is to determine whether or not . the transfer effects reported in the two experiments that have just been described are governed by the same mechanism. The theory of Nakagawa (1993b) predicts that the same process, the formation of associations between stimuli, is responsible for ·both effects.
Experiment 1
The present experiment was conducted to examine whether or not the basic idea of Nakagawa's proposal (1993b) that a common response mediates concepts of matching and nonmatching, or same or different to subsequent shift problems was valid. The basic idea that a common response mediates concepts of matching and nonmatching, or same or different to subsequent shift problems assumes that the novel stimuli and novel configurations appearing in the transfer tests generate the same mediator. Rats were · trained with either matching-to-sample discriminations (MTS) or oddity-from-sample (OFS) discriminations to criterion. After completing Phase 1 training, half of the rats trained with MTS discriminations were trained with MTS discriminations with novel stimulus sets. The remaining rats were trained with OFS discriminations with novel stimulus sets. Half of the rats trained with OFS discriminations were trained with OFS discriminations with novel stimulus sets. The remaining rats were trained with MTS discriminations with novel stimulus sets. The expectation according to that assumption is that rats trained with MTS discriminations learn their shift MTS discriminations more rapidly than those trained with OFS discriminations, and rats trained with OFS discriminations learn their second shift QFS discriminations more rapidly than those trained with MTS discriminations.
Method Subjects
Twenty-four experimentally naive male Sprague-Dawley rats were used. They were about 210 days old, with an initial average body weight of 540 g. Animals were handled for 5 min a day for 12 days and were maintained on a daily 2-hr feeding schedule prior to the experiment. The amount of food in the daily ration was gradually reduced until the body weight of each animal reached 80% of the baseline weight at the start of the experiment. Water was also available for animals in their individual cages. Rats were maintained on a 7: 17 -hr lightdark cycle, with light off at 10:00 p.m.
Apparatus
Both a Skinner box and an automatic T maze were the same as in Nakagawa (1999d) . The Skinner box (15 cm in height, 22~5 cm in width, and 15 cm in length) contained a square display screen with sides of 5 cm, 5 cm above the floor, and one lever under the screen, 5 cm x 5 cm, 5 cm above the floor. There was a food tray on the opposite side of the lever, into which a milk pellet was delivered from a feeder when animals pressed the lever. An automatic T maze was used ( Figure 1 ). The apparatus was lit throughout the experiment by a 10-W fluorescent lamp suspended horizontally 40 cm above the top of a choice chamber from the ceiling. The apparatus consisted of a runway (30 cm in height, 12 cm in width, and 45 cm in length) with a start box (30 cm in height, 12 cm in width , and 20 cm in length) and a choice chamber (30 cm in height, 56 cm in width, and 15 cm in length). The walls of the apparatus were medium-gray Plexiglas and the ceiling was clear Plexiglas. The start box had a food tray in the center of the end wall, measuring 3.5 cm in diameter, 2 cm deep, and 6 cm · wide, into which a milk pellet was delivered from a feeder when animals made a correct response. The choice chamber contained three display screens, each 12 cm square, which were 10 cm above the floor, and 5 cm apart edge to edge. There were two response levers in. the choice chamber, each 4 cm square, and 9 cm above the floor. They were located below center below the two side screens. A guillotine door opened and closed automatically to control access to the start box. Whenever a rat interrupted a photobeam at the exit of the start box, which was located 3 cm from the guillotine door, stimuli were rear-projected automatically onto screens. The rat was then allowed to approach, press a response lever, whereupon it had to return to the start box. As it approached it interrupted another photobeam 5 cm from the end wall of the start box, and the guillotine door closed automatically behind the rat. After 10 sec the guillotine door opened automatically for the start of the next trial. The programming of events and data collection were carried out on-line using a laboratory computer. Sound masking was provided by white noise from a blower fan (50 db).
Stimuli
A sample stimulus was rear-projected automatically for 4 sec onto the center screen by means of a Chargeur Universal Kodak in-line projector (Model 2) as soon as animals run through the photobeam at the exit of the start box. One sec after onset of presentation of the sample stimulus, both comparisons were rear-projected onto the side screen by means of two Handy Cabin in-line projectors (Handy Cabin Ltd.) until rats pressed a response lever. That is, both the sample and comparison stimuli were simultaneously projected for 3 sec. When animals pressed a response lever, the comparison disappeared. Eleven stimuli were used in this experiment: a triangle (with an area of 43.30 cm 2 ), a circle (with an area of 42.99 cm 2 ), an isosceles trapezoid (with an area of 42.30 cm 2 ), a diamond (with an area of 44.80 cm 2 ), a cross ( +) (with an area of 42.60 cm 2 ), a T (T) (with an area of 42.60 cm 2 ), a double circle (_) (with an area of 42.25 cm 2 ), a concavity ( .. ) (with an area of 42.25 cm 2 ), a convexity (.) (with an area of 42.25 cm 2 ), a vertical stripe, and a horizontal stripe. Both the vertical and horizontal stripes stimuli had alternating black and white lines, 1 cm in width. A total of 96 different stimulus sets were used for a MTS or OFS training learning, and 12 different stimulus sets were used in Phase 2 transfer learning, which are illustrated in Figure 2 . Only one stimulus set consisting of a vertical and a horizontal stripe of 12 stimulus sets used in Phase 2 shift was used in Phase 1 training, whereas the other 11 stimulus sets were novel. 
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Procedure
Magazine training and shaping of lever press. All animals received magazine training and lever press training in a Skinner box for 5 days prior to beginning of pretraining. On the last day all animals pressed the lever at least 50 times tor 30 min a day.
Pre training. After completing> both magazine training and lever-press shaping, animi als were given pretraining for 10 days prior to the beginning of the training phase until they pressed the lever at least 30 times per day on each side in the automatic T maze. A medium-gray stimulus was rearprojected onto the screen during shaping and onto each of three display screens during pretraining.
Phase 1 Training. A trial in this experiment is defined as a responsestimulus sequence, beginning when animals leave the start box after opening the guillotine door, and continuing as they run down the runway, press a response lever, and return to the start box.
Half of the animals were trained with a 1-sec delayed MTS task, with 96 stimulus sets, for 12 trials a day until they reached a criterion, which was 20 correct trials out of a possible 24 trials over 2 successive days combined (Group Matching). The remaining animals were trained with a 1-sec delayed OFS task, with 96 stimulus sets, to criterion (Group Oddity) as well as in Group Matching. A total of 96 different stimulus sets (illustrated in Figure 2 ) were used in both MTS and OFS tasks. The order of presentation of stimulus sets followed eight predetermined random sequences (shown in Figure 2 ). All animals experienced these eight sequences every 8 days. The position of a correct lever also followed eight predetermined random sequences > (shown in Figure 2 ). Animals were given one 45-mg milk pellet accompanied by a click of feeder when they made a correct response. The progammed interval was 10 sec.
Phase 2 transfer. After completing Phase 1 'training, half of the rats in Group Matching were trained with 12 MTS problems with new stimulus sets (Group Nonshift: matching" -matching); the remaining rats were trained with 12 OFS problems with new stimulus sets (Group Shift: matching-oddity). The rats in Group Nonmatching were · likewise divided into the two subgroups of nonshift (oddity-oddity) and shift (odditymatching). Just one problem comprised of vertical and horizontal stripes of 12 problems which were used in Phase 2 transfer was experienced in Phase 1 training, whereas the other 11 problems used in Phase 2 transfer were novel stimulus sets for animals. Other aspects of procedure were the same as in Phase 1 training. 
Results
Acquisition of Phase 1 training by Group Matching was compared with acquisition of the corresponding training in Group Nonmatching. These data are summarized in Table 1 . A 2 x 2 ANOVA using group (matching vs. oddity) and task (MTS vs. OFS) was performed on the number of days to criterion, which revealed no significant main effects and no significant interaction between group and task (all p > .05). The standard deviations of Table 1 appeared to be larger than differences between the means. This was caused by the arrangement to equalize the total number of days to criterion for each group. Thus, there were no significant differences in the rate of learning among the four groups.
Acquisition of Phase 2 transfer by Group Nonshift was compared with acquisition of the corresponding transfer in Group Shift. These data are illustrated in Figure 3 . An A. NOVA using group (nonshift vs. shift) and task (MTS vs. OFS) was performed on the number of days to criterion, which revealed a significant main effect of Group, F(1, 20} = 5.56, p < .03. That is, Group Nonshift learned their Phase 2 tasks significantly more rapidly than Group Shift, regardless of kind of tasks given in Phase 2.
In order to examine directly the generalization of the rule learned in Phase 1 training, performances on the first trial in Phase 2 was analyzed. Of the animals of Group Nonshift, 75% made a correct response on the first trial, whereas 25% of those of Group Shift made a correct response. These scores have been symmetrically displaced from the chance level of performance (50% correct). A chi-square test was run to analyze differences in performance on the first trial between Groups Nonshift and Shift, which yielded a significant between-group difference, x2(1} = 6.00, P < .02.
Discussion
The results of Experiment 1 are consistent with Nakagawa's view (1993b) that a common response mediates concepts of matching and nonmatching to subsequent shift problems. Group Nonshift learned their Phase 2 tasks, which were comprised of the novel stimuli and novel configurations appearing in the transfer tests, significantly more rapidly than Group Shift, regardless of kind of tasks given in Phase 2 transfer. This finding indicates that the novel stimuli and novel configurations appearing in the transfer test generate the same mediator. This finding produces a strong evidence for Nakagawa's view (1993b) .
With regard to performance on the first trial of transfer, 75% of the animals of Group Nonshift made a correct response, whereas 25% of those of Group Shift made a correct response. This finding suggests that rats chose between a novel pair of stimuli in accordance with the rule that they learned in Phase 1 training. That" is, performance on the first trial between Groups Nonshift and Shift have been symmetrically displaced from the chance level of performance. This finding makes it clear that rats transfer the abstract concepts of matching and nonmatching acquired in Phase 1 training to subsequent shift problems comprised of the novel stimuli and novel configurations. This first trial data also suggests that the initial learning points rats to configurations of stimuli, and rats associate configuration of stimuli with common response (Le., pressing the right lever or the left lever). Furthermore, this finding suggests that the novel configurations of stimuli appearing in Phase 2 shift have rats make the common response acquired in Phase 1 training. Thus, this finding indicates that the novel stimuli and novel configurations appearing in the transfer generate the same mediator.
The findings that Group Nonshift learned their subsequent transfer faster than Group Shift, regardless of kind of transferred tasks given in Phase 2, and that 75% of the animals of Group Nonshift made a correct response on the first trial in .Phase 2 transfer, whereas 25% of those of Group Shift made a correct response, are not consistent with the findings of Wilson, Mackintosh, and Boakes (1985) .
Experiment 2
The result of Experiment 1 makes it clear that the novel stimuli and novel configurations appearing in Phase 2 transfer generate the same mediator in a matching (or nonmatching)-to-sample procedure. That is, the results of Experiment 1 produce strong evidence for the basic assumption of Nakagawa's view (1993b): A common response mediates concepts of matching and nonmatching to subsequent shift problems.
Experiment 2 was an · attempt to examine whether or not the basic assumption of Nakagawa's view (1993b) that the basic idea that a common response mediates concepts of same and different to subsequent shift problems must assume that the novel stimuli and novel configurations · appearing in the transfer tests generate the same mediator was valid. Rats were trained with same-different discrimination tasks to reach a criterion, in which they were required to choose the right goal box if two identical stimuli were presented and to choose the left goal box if two different stimuli were presented, for example. After completing Phase 1 training, they were transferred to novel same-different discrimination tasks. Nakagawa (1993b) has asserted that rats learn a connection between one configuration of stimuli with choosing the right goal box as well as a connection between the other configuration with choosing the left goal box in same-different discrimination learning. Consequently, they . also form configuration-configuration associations between stimuli of pairs with the same response assignment. The expectation according to this view is that rats choose between a novel pair of stimuli by using the rule learned during initial learning and their transfer performance on the first trial is at a good performance level.
Superior transfer performance on the first trial expected in the present experiment would indicate that rats form stimulus classes between configuration of stimuli that associated with the same response.
Method Subjects
Sixteen experimentally naive male · Sprague-Dawley rats were used. They were about 240 days old with an initial average body weight of 422 g. All details of feeding schedule and handling were the same as in Experiment 1. Animals were maintained on a 5: 19-hr lightdark cycle, with light off at 5:00 p.m.
Apparatus
A T maze shown in Figure 4 was used. The apparatus was painted medium gray inside and was lit throughout the experiment by a .1 o-W fluorescent lamp suspended 40 cm above the top of the center in the apparatus from the ceiling. The apparatus consisted of a runway (15 em in · height, 12 cm in width, and 42 cm in length) with a start box (15 em in height, 12 cm in width, and 20 cm in length) and two goal boxes (15 cm in height, 12 em in width, and 25 cm in length). A guillotine door was located at the front of the start box. At the entrance of the goal box a gray swinging door was placed which served as an entrance door. At the stimulus presentation window of the center of the one end wall, a piece of cardboard was placed which served as a discriminandum.
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Stimuli
Training stimuli. Stimulus cards were 12-cm squares of cardboard. Each square was presented at the stimulus presentation windows. The stimuli were as follows: a black 12-cm square, a white 12-cm square, vertical stripes, horizontal stripes, a large isosceles trapezoid (with an area of 42.30 cm 2 ) , a small isosceles trapezoid (with , an area of 21 .19 cm 2 ) , a triangle (with an area of 43.30 cm 2 ) . Both vertical and, horizontal stripes had alternating black and white lines, 1 cm in width .
Transfer quite novel stimulus sets of novel stimuli, 2 novel combinations of a training stimulus (i .e., large isosceles trapezoid) which was used in Phase 1 training, and 1 stimulus set of two large isosceles trapezoids which were used in Phase 1 training.
Procedure
Pre training. Animals were given pretraining for 6 days prior to the beginning of the same-different discrimination training. On Day 1, animals were allowed to explore the apparatus for two periods of 7 and 5 min. From Day 2 to Day 6, they were trained to push a swinging door and enter the goal box to obtain food for 10 daily trials. They were given the same number of trials on each arm during pretraining. Medium gray stimulus cards were used during this period.
Phase 1 same-different training. Rats were trained for 12 trials a day with same-different discrimination tasks, in which they were given a same problem with two identical items on six trials and a different problem with two nonidentical items on the other six trials in a random order within each session. Training continued until a criterion had been reached of 11 or more correct trials out of a possible 12 per day. This criterion is the same as that in Experiment 3 of Nakagawa (1993a) . A noncorrection training method was used. On the same problem trials, half of the rats were required to choose the right goal box, and the remaining rats were required to choose the left goal box to receive a reward. By contrast, on different problem trials, half of the rats were required to choose the left goal box, and the remaining rats were required to choose the right goal box. The order of trials on the tw. o problems followed four predetermined random sequences (shown in Figure 5 ). Half of the rats were trained with eight same-different discrimination tasks (Group F), and the remaining rats were trained with 16 same-different discrimination tasks (Group M).
Half of the rats in Group F were trained with the same-different tasks consisting of the large isosceles trapezoid, the small isosceles trapezoid, the circle, and the triangle. The remaining rats were trained with the same-different tasks consisting of the white, the black, the vertical stripes, and the horizontal stripes. Rats of Group M were trained with the samedifferent tasks consisting of the circle, the black, the white, the large isosceles trapezoid, the small isosceles trapezoid, the vertical stripes, and the horizontal stripes. Rats were given two 45-mg milk pellets when they made a correct response. Intertrial interval ranged from 4 to 8 min.
Phase 2 transfer. After completing Phase 1 training, all animals were trained with novel same-different tasks to reach a criterion for 12 trials a day. Only the same task consisting of two large isosceles trapezoids of 10 stimulus sets used in Phase 2 was experienced in Phase 1, whereas the other 9 stimulus sets were novel. The order of trials on the two problems . followed four predetermined random sequences (shown in Figure 5 ). Other aspects of the procedure were the same as in Phase 1 training.
Results
Phase 1 Training The group days-to-criterion in Phase 1 are summarized in Table 2 . There was no indication of a difference in the rate of the same-different discrimination learning between these two groups, and this observation was supported by statistical analysis. A ttest revealed that there was no significant between-groups difference in learning by these two groups, ~14) < 1. Acquisition of Phase 2 transfer by Group F was compared with acquisition of the corresponding transfer learning in Group M. These data are summarized in Table 2 . The t test revealed that there was no significant between-groups difference, 1(14) < 1.
On the first trial in Phase 2 transfer, 880/0 of the animals of Group F responded correctly and 880/0 of those of Group M responded correctly.
Discussion
The results of the present experiment are consistent with the findings in Experiment 3 of Nakagawa (1993a) (see Figure 6 ), in which the apparatus was the same as that of Experiments 1 , 3, and 4 in the present study, and the stimuli also were the same as those in the present experiment. The findings in Experiment 3 of Nakagawa (1993a) make it clear that rats acquired concepts of sameness and difference in Phase 1 training and transferred them to the subsequent shift problems. Therefore, the findings of both the present experiment and Experiment 3 of Nakagawa (1993a) indicate that rats have an ability to learn concepts of sameness and difference and to transfer them to subsequent shift problems. Difference in the number of days to criterion between the present experiment and Experiment 3 of Nakagawa (1993a) is due to the difference in the apparatus employed in these two experiments. It is obvious that rats learn either concurrent discriminations, matching (or nonmatching)-to-sample discriminations, or same-different discriminations in the automatic T maze, which is employed in Experiments 1 , 3,. and 4 of the present study, slower than in the manual apparatus such as a Y . maze, a three-stimulus-presentation T-type jumping stand, or a T maze used in the present experiment from a series of experiments by Nakagawa (1986 Nakagawa ( , 1992a Nakagawa ( , 1992b Nakagawa ( , 1993a Nakagawa ( , 1993b Nakagawa ( , 1998 Nakagawa ( , 1999a Nakagawa ( , 1999b Nakagawa ( , 1999c Nakagawa ( , 1999d . The first trial data also indicate that rats acquired concepts of sameness and difference in Phase 1 training and transferred them to the subsequent shift problems. The first trial data suggest that the initial learning points rats to configuration of stimuli, and rats associate configuration of stimuli with common response (i.e., choosing the right goal box or the left goal box). And this finding also suggests that novel configurations of stimuli in Phase 2 shift have rats make the common responses acquired in Phase 1 training. Therefore, this finding indicates that novel configurations of stimuli appearing in the transfer generate the same mediator.
The results of Experiment 2 are consistent with Nakagawa's view that a common response mediates concepts of sameness and difference to subsequent shift problems. The day-to-criterion measure of transfer data and performance data on the first trial of transfer suggest that the novel stimuli and novel configurations appearing in the transfer tests generate the same mediator in a same-different procedure.
Much of the prior research on abstract conceptualization in animals has involved the classification of just two visual items as same or different similar to the present experiment (e.g., Edwards, Jagielo, & Zentall, 1983; Fetterman, 1991 ; Nakagawa, 1993a; Santiago & Wright, 1984; Wright, Santiago, Sands, Kendrick, & Cook, 1985; Wright, Santiago, Urcuioli, & Sands, 1983) . Two items are the minimum necessary for a same-different classification. Same-different choice procedures have met with only limited success in teaching animals the generalized concept of same and different. One important issue of concern with the observation found by same-different choices procedures was whether the transfer represented a true application of an abstract rule by animals, or might have instead mediated · by lower level mechanisms sensitive . to either common perceptual features or common responses shared by the training and transfer stimuli. Recently, Cavoto (1995, 1996) , Cook, Katz, and Cavoto (1997) , Cook and Wixed (1997) , Wasserman, Hugart, and Kirkpatrick-Steger (1995) , , and Young, Wasserman, and Garner (1997) have examined whether the transfer represented a true application of an abstract rule by pigeons with a multielement same-different discriminations procedure. The findings of these studies provide some of the st~ongest evidence that pigeons can learn an abstract, visually mediated same-different concept. Cook et al. (1995 proposed an unequal variance signal detection model involving a unidimensional evidence variable. According to the signal detection model, pigeons discriminate same texture displays from shape and color, and redundant different displays by using only a single type of information or evidence. That is, regardless of what dimension (shape, color, or redundantly from both dimensions) the different display's contrast was made from, pigeons seem to base their choice on only a single common unidimensional encoding of the target information in the displays. Pigeons deploy · only a single rule to discriminate the sets of stimuli appearing in transfer test. By contrast, proposed a new unidimensional alternative (i.e., entropy model) for what pigeons might be processing in a multielement same-different choice task. Instead of using an abstract same-different concept, these authors .presented evidence suggesting their pigeons were responding to . the perceived entropy in their iconbased same and different displays. Entropy is an information-theoretic concept that measures the amount of variability present in a display's component elements. A display in which all of the elements are identical (i.e., a same display) has an entropy of zero. In contrast, a display in which every single element is different from every other one has the maximal possible entropy for that particular organization. In a series of experiments, Young and Wasserman systematically varied the number and nature of the elements used to create different types of same and different displays. They found that the amount of variability in these displays as described by entropy correlated quite highly with the presentation of different and same responses made by pigeons. That is, according to Young and Wasserman's proposal, the amount of variability in displays is a determinant to formation of concepts of same and different. Either the signal detection model or the entropy model asserts that animals form concepts of same and different on a basis of information in the stimuli. By contrast, Nakagawa's view asserts that animals form concepts of same and different on a basis of a common response to the discriminative stimuli.
Experiment 3
The results of both Experiments 1 and 2 make it clear that a common response mediates concepts of matching and nonmatching, or sameness or difference to subsequent shift problems. That is, these results provide a strong evidence for the basic assumption of Nakagawa's view (1993b) .
The present experiment was conducted to examine whether or not antecedent matching (or nonmatching)-to-sample discrimination learning facilitated subsequent same-different discriminations. Rats were either trained with MTS (or OFS) discriminations using a restricted set of repeated stimuli, given a simultaneous discrimination, or a pseudodiscrimination in Phase 1. After completing Phase 1, they were transferred to same-different discriminations. The expectation according to Nakagawa's view (1993b) is that rats trained with MTS (or OFS) discriminations in Phase 1 learn subsequent same-different discriminations more rapidly than either those given a simultaneous discrimination or a pseudo-discrimination training in Phase 1.
Method Subjects
Thirty-two experimentally naive male Sprague-Dawley rats were used. They were about 240 days old with an initial average body weight of 550 g. All details of feeding schedule and handling were the same as in Experiment 1. Animals were maintained on 9: 15-hr lightdark cycle, with light off at 10:00 p.m.
Apparatus
The apparatus was the same as that in Experiment 1.
Stimuli
Training stimuli. In the MTS and OFS tasks, a sample stimulus was rear-projected automatically for 2 sec onto the center screen by means of a Chargeur Universal Kodak Ektagraphic in-line projector (Model 2), and the screen was blank during 2 sec after the 'sample stimulus was turned off and before the comparisons were turned on. The comparisons were projected on both side screens by means of two Handy Cabin in-line projectors (Handy Cabin Ltd). When animals pressed a correct response lever, both comparisons remained present until they returned to the start box. By contrast, both comparisons immediately disappeared after an incorrect response. In both a simultaneous discrimination training and pseudo-discrimination training, the stimuli were rear-projected onto each of the side screens, but nothing was projected onto the center screen. When animals pressed a correct response lever, the stimuli remained present until they returned to the start box, whereas when they pressed the incorrect response lever, the stimuli immediately disappeared as in the matching (or nonmatching) training. Both vertical and horizontal stripes, which had alternating black and white lines, 1 cm in width, were used in Phase 1 training. The size of these stimuli was 12 cm square.
Transfer stimuli. For the same-different task, 12 stimuli were used, in . which each stimulus has two geometrical figures (see Nakagawa, 1993a) and illustrated in Each stimulus was projected onto the center screen, and a medium-gray stimulus was projected onto each of the side screens at the same time.
Procedure
All details of magazine training, shaping of lever pressing, and pretraining were the same as those in Experiment 1.
Phase 1 Initial Training
Matching and nonmatching group. Training for -16 rats consisted of 12 trials a day with either a 2-sec delayed MTS or OFS task with the verticalhorizontal stripes stimuli. Training continued until a criterion had been reached of 11 or more correct trials out of a possible 12. Eight rats received MTS discrimination training (Group Matching). The remaining 8 rats received OFS discrimination training (Group Nonmatching). On 6 of 12 daily trials, the sample stimulus was the vertical stripes stimulus, and on the other 6 trials, it was the horizontal stripes stimulus, in random order in both Groups Matching and Nonmatching. The order of trials and the-position of a correct comparison followed four predetermined random sequences.
Simultaneous discrimination group. Eight rats were trained on a simultaneous discrimination task with the vertical and horizontal stripes stimuli to reach a criterion (11 or more correct) in the training phase for 12 trials a day (Group Simultaneous Discrimination). The positive and negative discriminative stimuli were counterbalanced. The position of the positive stimulus followed four predetermined random sequences.
Control group. Eight rats were given a pseudo-discrimination that used the same training as that in Group Simultaneous Discrimination for 12 trials a day during 45 days (Group Control), whereas the position of the correct lever was changed within each training session. That is, the vertical stripe was correct and the horizontal stripe stimulus was incorrect on some trials, and the horizontal stripe stimulus was correct and the vertical stripe stimulus was incorrect on the other trials in random order within each training session.
All rats of these three groups were given one 45-mg milk pellet when they made a correct response. The sequence of stimulus presentation in each group was the same whether the left or right lever was correct.
Phase 2 transfer. After completing the training of either MTS or OFS discrirt:lination, simultaneous .discrimination, and pseudo-discrimination, animals were trained for 12 trials a day with the same-dHferent task. Training continued until a criterion had been reached of 11 or more correct trials out of a possible 12. They were given the same problem with identical items on six trials, and a different problem with nonidentical items on the other six trials in random order within each session. On same problem trials, half of the rats were required to press the right side lever, and the remaining rats were required to press the left side lever to receive a reward. By contrast, on different problem trials, half of the rats were required to press the left side lever, and the remaining rats were required to press the right side lever. The order of trials on the two problems followed three predetermined random sequences (see Figure 6 ). Other aspects of the procedure were the same as in the 2-sec delayed MTS or OFS discrimination in the training phase.
Results

Phase 1 Training
The group mean days-to-criterion in Phase 1 are summarized in Table 3 . There was no indication of a difference in the rate of the acquisition in Phase 1 among these three groups of matching, nonmatching, and simultaneous discrimination. This observation was supported by statistical analysis. An ANOVA using groups (matching vs. nonmatching vs. simultaneous discrimination) revealed a significant between-group difference, F(2, 21) = 7.09, P < .01. Group Simultaneous Discrimination learned their task significantly more rapidly than either Group Matching, F(1, 21) = 5.81, p< .05, or Group Nonmatching, F(1, 21) = 13.76, P < .01. None of Group Control reached the criterion (Le., 11 or more correct trials out of a possible 12) in the training phase.
Phase 2 Transfer
The results for each group in Phase 2 are illustrated in Figure 8 . Both Groups Matching and Nonmatching learned their subsequent task faster than either Group Simultaneous Discrimination or Group Control. There was no indication of a difference in the rate of learning between Group Matching and Group Nonmatching. An ANOVA using group (matching vs. nonmatching vs. simultaneous discrimination vs. control) was p~rformed on the number of days to criterion, which revealed a significant betweengroup difference, F(3, 28) = 16.17, P < .01. A Scheffe test was run to analyze differences in the number of days to criterion among these three groups: Group Matching learned their subsequent task significantly more rapidly than either Group Control, F(1, 28) = 14.62, P < .01, or Group Simultaneous Discrimination, F(1, 28) = 35.55, P < .01. Group
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Nonmatching also learned significantly more rapidly than either Group Control, F(1, 28) = 11.50, P < .01 , or Group Simultaneous Discrimination, F(1, 28) = 30.57, P < .01. Group Simultaneous Discrimination learned significantly more slowly than Group Control, F(1, 28) = 4.57, P < .05.
There was no significant difference in the number of days to criterion between Groups Matching and Nonmatching, F(1, 28) = 0.19.
Discussion
The results of Experiment 3 are consistent with Nakagawa's view (1993b) that training on MTS (or OFS) discriminations and training on same-different discriminations share a common underlying process involving the formation of stimulus classes (or concepts). Thus, consistent with previous suggestions (e.g., Herrnstein, 1990; Lea, 1984) , this fi.nding indicates that a response to some members of a heterogeneous set of stimuli may extend to all members of the set, regardless of similarity, allowing stimuli to be grouped into a common class or concept.
The stimulus generalization literature shows that transfer stimuli exert stronger control over responding after animals have been trained on a true than on a pseudo-discrimination with an orthogonal set of stimuli (e.g., Honig, 1969) . Therefore, the result that either Group Matching or Group Nonmatching learned their shift tasks more rapidly than Group Simultaneous discrimination could not be due to generalization decrement produced by the introduction of the novel stimuli because either Group Matching, Group Nonmatching, or Group Simultaneous Discrimination had been trained on a true discrimination in Phase 1 training. Furthermore, the result that either Group Matching or Group Nonmatching learned their shift task more rapidly than Group Control could not be due to generalization decrement produced by the introduction of the novel stimuli because Group Control had been trained on a pseudo-discrimination, whereas two groups of matching and nonmatching had been trained on a true discrimination. By contrast, Group Simultaneous Discrimination learned their shift tasks more slowly than Group Control. This result could be due to generalization decrement produced by the introduction of the novel stimuli. Thus, these results of Experiment 3 suggest that training on MTS (or OFS) discrimination and training on same-different discrimination share a common underlying process involving the formation of stimulus classes (or concepts).
The facilitative effects of antecedent MTS or OFS discrimination learning on subsequent same-different discriminations, relative to control . group and simultaneous discrimination group, seen in the present experiment, are explained by Nakagawa's view (1978 Nakagawa's view ( , 1986 Nakagawa's view ( , 1992a Nakagawa's view ( , 1998 Nakagawa's view ( , 1999a Nakagawa's view ( , 1999b Nakagawa's view ( , 1999c Nakagawa's view ( , 1999d Nakagawa's view ( , 2000 . According to Nakagawa, one stimulus (or one configuration of stimuli) has both the unlearned representation of itself and the learned representation of the other (or the other configuration of stimuli) with the same response assignment in MTS or OFS discrimination, and at the same time rats form stimulus classes between the discriminative stimuli (or configuration of stimuli) with the same response assignment. Rats also should master how to form associations between stimuli (or configuration of stimuli) in MTS or OFS discriminations. Thus, the transfer of how to form associations between stimuli (or configuration of stimuli) acquired in MTS or OFS discriminations in Phase 1 have facilitated same-different discriminations, relative to control group and simultaneous discrimination group.
There was no significant difference in the number of days to criterion between Groups Matching and Nonmatching in Phase 1. This finding agrees with the finding of Phase 1 in Experiment 2 in Nakagawa (1993a) , but it does not agree with the findings in Phase 1 in Nakagawa (1992a) in rats and findings in Nakagawa (1988) in younger children. A series of experiments in Nakagawa (1988 Nakagawa ( , 1992a has shown that rats and younger children learn MTS discrimination more rapidly than OFS discriminations.
Experiment 4
The results of Experiment 3 make it clear that rats form associations between configurations of stimuli with the same response assignment, and establish classes or concepts on reaching a criterion in same-different discriminations as well as in MTS or OFS discriminations. Thus, these results suggest that performance on the two tasks relies upon a common process.
Experiment 4 was an attempt to examine whether or not antecedent same-different discrimination learning produced the facilitative effect on subsequent MTS or OFS discriminations, relative to control group and position discrimination group. Rats were trained with either same-different discriminations, given pseudo-discrimination training on same-different · discriminations, or position discrimination. After completing Phase 1, they were transferred to subsequent MTS (or OFS) discriminations. The expectation according to Nakagawa's view and findings of Experiment 3 is that rats trained with same-different discriminations learn their subsequent shift problem more rapidly than those trained with either pseudodiscrimination tasks or position discrimination task.
Method Subjects
Thirty-six experimentally · naive male Sprague-Dawley rats were used. They were 240 days old with an initial average body weight of 537 g. All details of feeding schedule and handling were the same as in Experiment 1. The rats were maintained on 9:15-hr light:dark cycle, with light off at 2:00 a.m.
Apparatus
The apparatus was the same as in Experiment 1 .
Stimuli
Training stimuli. For the same-different task, and the pseudodiscrimination task, 12 stimuli were used. These stimuli were the same as those used in Phase 2 in ExperimO ent 3.
Transfer stimuli. A vertical-horizontal stripes stimulus set was used for MTS or OFS task. This vertical-horizontal stripes stimulus set was the same as those used in Phase 1 in Experiment 3.
Procedure
All details of magazine training, shaping of lever pressing, and pretraining were the same as in Experiment 3.
Phase 1 training: Same-different group. Twelve rats were trained for 12 trials a day with a same-different task. Training continued until a criterion had been reached of 11 correct trials out of a possible 12. They were given a same problem with two identical stimuli on six trials and two different problems with different stimuli on the other six trials in random order within each session. That is, the same-different stimuli were concurrently presented. On same problem trials, half of the rats were required ° to press the right side lever, and the remaining rats were required to press the left side lever. By contrast, on different problem trials, half of the rats were required to press the left side lever, and the remaining rats to press the right side lever. The order of trials on the two problems followed three predetermined random sequences.
Position discrimination group. Twelve rats were trained on a successive discrimination task for 12 trials a day to reach a criterion (11 or more correct); a triangle was presented on six trials and a circle was presented on the other six trials at random on the center screen. Half of the rats were required to press the right side lever on the triangle stimulus trials and to press the left side lever on the circle stimulus trials. The remaining rats were required to press the right side lever on the circle stimulus trials and to press the left side lever on the triangle stimulus trials. ° Control group. Twelve rats were given a pseudo-discrimination training with the 12 same-different stimuli for 12 trials a day during 45 days, in which rats were given the same training as that in Group Same-Different, whereas the position of correct lever was changed within each training session. That is, rats were required to press the right side lever on the same stimuli and to press the left side lever on different stimuli on some trials, but to press the left side lever on same stimuli and to press the right side lever on different stimuli on the other trials in random order within each training session.
All rats of these two groups were given one 45-mg milk pellet when they made a correct response.
Phase 2 transfer. After completing the training in Phase 1, half of the rats of each group were trained on a 2-s delayed MTS task with a verticalhorizontal stripes stimulus set for 12 trials a day (Group Same-Different/Matching, Group Position Discrimination-Matching, or Group Control-Matching). The remaining rats of each group were trained to the criterion on a 2-s delayed OFS task for 12 trial~ a day (Groups Same--DifferentlNonmatching, Group Position Discrimination-Nonmatching, or Group Control-Nonmatching) . Other aspects of the procedure were the same those in Phase 1 in Experiment 3.
Results
Phase 1 Training
The group mean days-to-criterion in Phase 1 are summarized in Table 4 . There were no differences in the rate of the acquisition in Phase 1 among these four groups of same-different/matching, samedifferentlnonmatching, position discrimination/matching, and position discrimination/nonmatching. An ANOVA using groups (samedifferent/matching vs. same-different/nonmatching vs. position discrimination/matching vs. position discrimination/nonmatching) revealed a significant between-group differences, F(3, 20) = 10.32, P < .01. Group Position Discrimination/Matching learned their task more rapidly than either Group SameDifferentlMatching, F(1, 20) = 21.19, P < .01, F(1, 20) = 21.19, P < .01.
Group Position-Discrimination/Nonmatching also learned their task more rapidly than either Group Same-DifferentlMatching, F(1, 20) = 11.96, P < .01, or Group Same-DifferentlNonmatching, F(1, 20) = 11.96, P < .01. None of Group Control reached the criterion (i.e., 11 correct trials out of a possible 12) in the training phase.
Phase 2 Transfer
The results for each group in Phase 2 are illustrated in Figure 9 . Group Same-Different learned their subsequent problems faster than either Group Position Discrimination or Group Control. All three groups learned MTS tasks faster than OFS tasks. This observation was supported by statistical analysis. An ANOVA using groups (Same-Different ,vs. Position Discrimination vs. Control) and taSks (Matching vs. Nonmatching) was performed on the number of days, to criterion, which , revealed both main effects of groups, F(2, 30) = 41.98, P < .01, and of tasks, F(1, 30) = 9.52, P < .05. But there was no significant interaction of group and task (F < 1). A Scheffe test was run to analyze differences in the number of days to criterion on a matching and nonmatching-tosample task among these three groups: On the matching-to-sample task, Group Same-Different significantly learned their shift task more rapidly than either Group Position Discrimination, F(1, 15) = 15.39, P < .01, or Group Control, F(1, 15) = 57.18, P < .01. Group Position Discrimination significantly learned their shift task more rapidly than Group Control, F(1, 15) = 13.24, P < .01. On the nonmatching-to-sample task, Group Same-Different si.gnificantly learned their shift task more rapidly than either Group Position Discrimination, F(1, 15) = 19.84, P < .01, or Group Control, F(1, 15) = 44.91, P < .01. Group Position Discrimination learned their shift task more rapidly than Group Control, F(1, 15) = 5.05, P < .05.
Discussion
The results of Experiment 4 indicate that Group Same-Different learned subsequent MTS or OFS discriminations faster than Group . Control or Group Position Discrimination. Thus, in line with the experimental hypothesis, this result makes it clear that antecedent samedifferent discrimination learning facilitates the formation of stimulus classes (or concepts) in subsequent MTS or OFS discriminations. This result adds to previous findings suggesting that same-different discriminations and MTS (or OFS) discrimination learnings engage a similar mechanism. According to Nakagawa's view (1993b) , this mechanism involves the formation of associations between configurations of stimuli with the same response assignment to form classes or concepts for functionally equivalent yet perceptually dissimilar stimuli. Group Same-Different learned their subsequent shift task faster than either Group Control or Group Position Discrimination. And Group Position Discrimination learned their shift task more rapidly than Group Control. These results are not consistent with the expectation according to the stimulus generalization literature that shows that transfer stimuli exert stronger control over responding after animals have been trained on a true than on a pseudo-discrimination with an orthogonal set of stimuli (e.g., Honig, 1969) . Thus, these results of the present experiment could not be caused by generalization decrement produced by the introduction of the novel stimuli.
In the present experiment, rats took fewer days to learn MTS discriminations than OFS discriminations. This finding is in line with the findings for younger children (Nakagawa, 1988 (Nakagawa, , 1994 and for rats (Nakagawa, 1992a) . However, this finding is in disagreement with findings of Aggleton (1985) , Mumby et al. (1990), and Rothblat and Hayes (1987) , who all reported a propensity for rats to select the nonmatching stimulus. This discrepancy might reflect differences in the apparatus, training procedures, and tasks used in each experiment.
There is a difference in results between Experiments 3 and 4 with respect to the rate of learning between MTS and OFS tasks. That is, there is no significant difference in performance in Experiment 3, whereas there is a significant difference in performance on MTS and OFS tasks in Experiment 4. Every group learned MTS discriminations more rapidly than OFS discriminations in Experiment 3. This finding suggests that such a difference in results between Experiments 3 and 4 is caused by a difference in the degrees of experience in the apparatus (Le., degrees of acquisition of required response pattern in the apparatus), in which rats have to go out from the start box, run down, look at a stimulus, press the lever, and return to the start box. That is, rats in Experiment 4 have been given MTS tasks after they have perfectly learned the required response in the apparatus in Phase 1. By contrast, rats of both Groups Matching and Nonmatching in Experiment 3 have been given MTS or OFS tasks in Phase 1 without mastering the required response. Namely, they have to master the required response and then to learn MTS or OFS tasks. Thus, a propensity for them to select the matching stimulus might not readily emerge. On balance, a propensity for rats mastering . the required response in the apparatus to select the matching stimulus may readily emerge. This assertion is supported by the days-tocriterion data shown in Figure 3 in which Group Matching learned faster than Group Nonmatching.
General Discussion
In Experiment 1, rats trained with MTS (or OFS) discriminations learned their subsequent nonshifted tasks consisting of the novel stimuli and novel configurations more rapidly than their subsequent shifted ones. In Experiment 2, rats trained with same-different discriminations learned very quickly their subsequent same-different transfer tasks consisting of the novel stimuli and novel configurations. Of the rats, 880/0 responded correctly on the first trial in Phase 2 transfer. These results of both Experiments 1 and 2 indicate that the novel stimuli and novel configurations appearing in the transfer tests generate the same mediator. These results produce strong evidence for Nakagawa's view (1993b) that a common response to configurations of stimuli mediates concepts of matching and nonmatching, or sameness or difference to subsequent shift problems. In Experiment 3, rats trained with MTS or OFS discriminations learned the subsequent same-different discriminations more rapidly than either Group Control or Group Simultaneous Discrimination. In Experiment 4, rats trained with the same-different discriminations learned the subsequent MTS or OFS discriminations more rapidly than either Group Control or Group Position Discrimination. These findings of both Experiments 3 and 4 indicate that the training with MTS or OFS discriminations facilitates the same-different discriminations, relative to both control group and simultaneous discrimination group (or position discrimination group), and vice versa. Thus, the findings of the present experiments offer strong empirical support for the possibility that nonhuman animals such as rats exhibit nonsimilarity-based conceptualization (see also Nakagawa, 1986 Nakagawa, , 1992a Nakagawa, , 1992b Nakagawa, , 1998 Nakagawa, , 1999a Nakagawa, , 1999b Nakagawa, , 1999c Vaughan, 1988; Zentall et aI., 1991 Zentall et aI., , 1992 . Nakagawa (19 1 86, 1992a Nakagawa (19 1 86, , 1993b has asserted that stimuli or stimulus sets that are associated with the same outcome (e.g., food or no food) will come to be classed together, despite their perceptual dissimilarity. According to Nakagawa, rats form associations between the discriminative stimuli with the same response assignment during overtraining on two concurrent discriminations and these associations mediate the transfer of appropriate responding when discriminations are reversed (Nakagawa, 1992a) . In the case of MTS (or OFS) discriminations or same-different discriminations, we must allow rats to associate a configuration of stimuli with lever-pressing responses. , and then to form associations between the configurations of stimuli with the same response assignment. For example, on this view, a MTS task, rats learn to associate one configuration of stimuli (Le., AAB and BBA) with pressing the left lever followed by a reward and the other configuration (Le., BAA and ABB) with pressing the right lever followed by a reward, in which the two side letters refer to the comparison stimuli and the center letter refers to the sample stimulus. They then form associations between the configurations of stimuli with the same response assignment and it is these configuration associations that mediate the transfer of appropriate responding to a subsequent shift problem (Nakagawa, 1993b) . The basic idea of Nakagawa's proposal that a common response mediates concepts of matching and nonmatching, or sameness or difference tosubsequent shift problems assumes that the novel stimuli and novel configurations appearing in the transfer tests generate the same mediator (Le., common response to configurations of stimuli)~ This assumption is supported by the findings of both. Experiments 1 and 2. Furthermore, these proposals also are supported by the findings of Experiment 2 in both Nakagawa (1999d) and Nakagawa (2000) . In Experiment 2 of Nakagawa (1999d) , rats were trained on a 1-s delayed MTS or OFS discriminations with 12 stimulus sets to reach a criterion. After completing Phase 1, they were transferred to either a whole reversal condition, in which all 12 MTS or OFS tasks were reversed, or a half reversal condition, in which only 6 of the 12 tasks were reversed but not the other 6 tasks. Group Whole reversed faster than Group Half in both MTS and OFS discriminations. These results can be explained if associations develop between the configurations of stimuli that signal similar outcomes and it is these configuration associations that mediate the transfer of appropriate responding to a subsequent shift problem.
The results of the present experiments are in accordance with the expectation from Nakagawa (1986 Nakagawa ( , 1992a Nakagawa ( , 1993b . According to Nakagawa's view, configurations of stimuli that are associated with the common consequence come to be classed together in both MTS (or OFS) tasks and same-different discrimination tasks. Thus, the two procedures should produce a similar effect and so share a common underlying process involving the formation of associations between the configurations of stimuli with the same response assignment to form classes or concepts for functionally equivalent. Therefore, rats trained with MTS (or OFS) or same-different tasks in Phase 1 should learn their subsequent shift problem faster than those of either Group Control or Group Simultaneous Discrimination (or Group Position Discrimination), which did not receive MTS (or OFS) or same-different discrimination training in Phase 1.
The findings of the present four experiments suggest that there is little doubt that rats possess a basic mechanism that enables them to associate the discriminative stimuli or configurations of stimuli on the basis of the same consequence (i.e., reinforcement concordance). This should enable rats to acquire and to maintain concepts based on interstimulus associative classes in the sense specified by Lea (1984) . Lea (1984) has suggested that interstimulus associations may be the essential constituents of so-called perceptual concepts, th8:t is, a concept comprises stimuli that are bound together by relations that are not based solely on perceptual similarity. Thus, stimulus-stimulus associations on the basis of the same consequences (e.g., food or no food) addressed here seem to be essential for the formation of concepts. However, the stimulus-stimulus associations mechanism postulated by Nakagawa (1993b) is not necessarily in conflict with categorization processes based on simple similarity between stimuli (Bhatt & Wasserman, 1989; Fersen & Lea, 1990; Vaughan & Herrnstein, 1987) . Conversely, it seems likely that in nature both principles may often act in consonance.
The findings of the present four experiments could not be explained by a stimulus association view based on reinforcement concordance, say, of reinforcement or nonreinforcement (Edwards et aI., 1982; Hall, Ray, & Bonardi, 1993; Urcuioli et aI., 1989; Zentall et aI., 1991; Zentall et aI., 1992) . Because the novel stimuli and novel configurations were used in Phase 2 transfer in each present experiment, rats could not form stimulus associations on a basis of downright reinforcement concordance. According to the expectation from this downright reinforcement view, antecedent MTS (or OFS) discrimination training would not facilitate subsequent same-different discriminations in Experiment 3, and antecedent same-different discrimination training also would not facilitate subsequent MTS (or OFS) discriminations in Experiment 4. But these results were not observed. Rather, the findings of the present four experiments provide a strong evidence for stimulus association mechanisms postulated by Nakagawa (1978 Nakagawa ( , 1986 Nakagawa ( , 1992a Nakagawa ( , 1993b Nakagawa ( , 1998 Nakagawa ( , 1999a Nakagawa ( , 1999b Nakagawa ( , 1999c Nakagawa ( , 1999d Nakagawa ( , 2000 that rats form stimulus associations on a basis of the same response following the same consequence.
These findings of both Experiments 3 and 4 are not readily explained by any account grounded in perceptual similarity (Anderson, 1991; Bhatt & Wasserman, 1989; Fersen & Lea, 1990; Vaughan & Herrstein, 1987) . For example, Anderson (1991) has proposed that the main force behind perceived similarity is physical similarity. But there was no physical similarity between stimuli used in both MTS (or OFS) discriminations and same-different discriminations in both Experiments 3 and 4. According to an account grounded in perceptual similarity, antecedent MTS (or OFS) discrimination training would not facilitate subsequent same-different discriminations learning, and vice versa. But this result was not observed in both Experiments 3 and 4. Thus, the results of the present experiments provide strong empirical evidence that rats exhibit nonsimilarity-based generalization.
Further, the findings of both Experiments 3 and 4 could not be explained by either the signal detection model (Cook et aI., 1995 (Cook et aI., , 1997 or the entropy model (Wasserman et aI., 1995; Young et aI., 1997) . Because different training procedures were used between Phase 1 training and Phase 2 transfer in both Experiments 3 and 4. That is, a matching (or nonmatching)-to-sample discrimination procedure was used in Phase 1 training, and same-different discrimination procedure used in Phase 2 transfer in Experiment 3, and vice versa in Experiment 4. According to the expectation from both the signal detection model and the entropy model, there would not be positive transfer effects in either Experiments 3 or 4. But these results were not observed. Thus, the findings of both Experiments 3 and 4 suggest that the two procedures of matching (or nonmatching)-to-sample discriminations and same-different discriminations share "a common underlying process involving the formation of associations between the discriminative stimuli with the same response assignment.
Taken together the findings of Nakagawa (1999d) and the findings of the present experiments suggest that the three procedures of matching (or nonmatching)-to-sample discriminations, same-different discriminations, and two (or three) concurrent discriminations produce a similar effect and so share a common underlying process involving the formation of associations between the discriminative stimuli with the same response assignment to form stimulus classes or concepts. In short, these" findings make it clear that the same mechanism governs the formation of associations between stimuli in two (or three) concurrent discriminations, matching (or nonmatching)-tosample discriminations, and same-different discriminations.
